Background. Hyperuricemia and gout are common complications of heart transplantation, reaching a prevalence of 84% and 30%, respectively, in heart transplant recipients. In contrast, they are seldom reported following orthotopic liver transplantation (OLT).
Hyperuricemia and gout are common complications of heart transplantation, reaching a prevalence of up to 84% and 30%, respectively, in heart transplant recipients (1) (2) (3) (4) . In contrast, they are seldom reported following orthotopic liver transplantation (OLT) (5, 6) . Recently, Neal et al. (5) reported a prevalence of hyperuricemia of 47% in 134 consecutive OLT recipients, with a 6% prevalence of clinical gout. The difference between the heart and liver transplantation groups has been attributed to different immunosuppression regimens, use of diuretics, and the presence of renal function impairment (7) (8) (9) (10) (11) (12) , but no direct comparison of hyperuricemia and gout between different solid organ transplantation patient groups has been previously executed.
We retrospectively compared the prevalence of hyperuricemia and clinical gout in heart and liver organ recipients, and analyzed variables affecting uric acid metabolism and excretion, such as body weight, renal function and different medication regimens.
Our results show that clinical gout and hyperuricemia are significantly less prevalent in liver recipients, a difference that can be attributed to clinical and laboratory differences between the groups, as well as to the use of different medical regimens following transplantation.
MATERIALS AND METHODS

Patients
We reviewed the patient records of 122 consecutive liver and heart recipients (47 heart recipients and 75 liver recipients), who were followed for at least 3 years after transplantation at a single transplantation center in Hadassah University Hospital, Jerusalem, Israel, between the years 1988 -2002. Excluded were patients who were diagnosed with gout prior to transplantation.
Clinical Information
Data recorded included: age, sex, weight, height, underlying diseases, duration of follow-up after transplantation, concurrent illnesses such as hypertension, diabetes mellitus (NIDDM), alcohol abuse, and hypothyroidism. Episodes of gout, use of medications, and the number of rejection episodes were also recorded. Additional information was collected by telephone interviews with the patients and their attending physicians.
Laboratory Results
Uric acid and creatinine levels, obtained during routine follow-up visits and recorded by the hospital's automated chemistry analyzer (Kodac-Vitros 950, Rochester, NY) were averaged from the beginning of follow-up to the time of transplantation, and from the time of transplantation to end of follow-up. The average number of measurements of uric acid and creatinine per patient were 350 and 460, respectively. Hyperuricemia was defined according to our laboratory reference values as a serum urate concentration of 380 mol/l on two or more occasions, while a high creatinine level was defined as a value above 106 mol/l at any time.
Creatinine Clearance
Creatinine clearance was calculated using the Cockroft-Gault formula:
The values of creatinine were taken on the day of transplantation (or as soon as the creatinine stabilized following transplantation) and at the end of follow-up.
Body mass index
Body mass index (BMI) was calculated as: body weight (kg)/ height (m) (2) .
Rejection Episodes
Rejection episodes were recorded from the patient files, and defined according to clinical or histological criteria (when available).
Statistical analysis
The Pearson chi-square test, as well as Fisher's exact test, were used to test the association between any two categorical variables. Association between two continuous variables was assessed by calculating the Pearson Correlation Coefficient. Comparison of continuous variables between two groups was performed by application of the two-sample t test, and by applying Analysis of Variance (with the Scheffe posthoc procedure) for the comparison of the groups. The logistic regression model was applied in order to test which variables simultaneously influence the development of gout and hyperuricemia.
Continuous variables are presented as Mean Ϯ SD. All statistical tests were two-tailed, and a p-value of 5% or less was considered statistically significant.
RESULTS
Baseline characteristics.
The characteristics of the two patient groups are summarized in Table 1 . There were significant differences in various baseline characteristics amongst the two groups, including male gender (87.2% of heart recipients as compared to 52.0% of liver recipients) and mean age. The follow-up period subsequent to transplantation was similar in the heart and liver groups.
Major underlying causes for heart transplantation were ischemic heart disease (70.2%), dilated cardiomyopathy (12.8%), and valvular heart disease (10.6%). For liver transplantation, major underlying causes were viral hepatitis (49.4%), cryptogenic cirrhosis (27%) and cholestatic liver disease (16.9%).
Clinical gout, manifesting as recurrent bouts of inflammatory monoarthritis, was significantly more prevalent in the heart transplant patients, noted in 12 out of the 47 patients (25.5%), as compared to only 2 clinical gout cases among the 75 liver recipients (2.6%, PϽ0.001). Hyperuricemia occurred in 100% of heart recipients as compared to 85.7% in the liver recipients (Pϭ0.007, Figure 1 ). Average posttransplantation uric acid levels were 451.3Ϯ13.5 mol/l in the heart recipient group, as compared with 403.0Ϯ8.1 mol/l in the liver recipient group (Pϭ0.003, Figure 2 ).
Average pretransplantation uric acid levels were 460.79Ϯ79 mol/l in the heart transplantation group, as compared with 398.36Ϯ73.6 mol/l in the liver group (Pϭ0.007), which suggests that the pretransplantation uric acid load was higher in the heart recipients than in the liver transplantation group.
The average posttransplantation creatinine levels and creatinine clearance were 152Ϯ7.8 mol/l and 61.9Ϯ3.9 cc/min, respectively, in the heart transplant group, as compared with 115Ϯ4.9 mol/l and 83.9Ϯ4 cc/min in the liver transplant group (PϽ0.05 for both parameters, Figures 3 and 4) .
Several clinical and laboratory factors, known to affect uric acid levels and the incidence of clinical gout, were notably different among the two groups, as shown in Table 2 . Medication regimens differed markedly among the groups. Cyclosporine, steroids, azathioprine, diuretics, and aspirin were used more frequently in heart recipients (95%, 100%, 66%, 83%, and 83%, respectively) than in liver recipients (35%, 59.2%, 5.2%, 13% and 15.6%, respectively, PϽ0.001 for all medications). In contrast, tacrolimus was used more often by liver recipients (64.9%) than heart recipients (4.3%). Allopurinol for the treatment of gout was used in 8 heart recipients (17%) as compared with 2 liver recipients (PϽ0.001).
Acute rejection episodes occurred in 58.6% of the heart transplantation group, as compared with only 35.1% in the liver transplantation group (PϽ0.004). Non-insulin dependent diabetes mellitus (NIDDM), hypertension, and hypothyroidism were more prevalent in the heart transplantation group (38.3%, 57.4% and 4.3%, respectively) than in the liver transplantation group (14.3% and 40.3% and 1.3%, respectively.). However, these differences reached statistical significance only for NIDDM (PϽ0.004).
No significant difference was noted between the two groups in respect to body mass index, consumption of alcohol, or the use of mycophenolate mofetil as part of the immunosuppressive regimen. The following parameters were shown to be independent risk factors for hyperuricemia and gout by univariate analysis: age, gender, number of rejection episodes, NIDDM, hypertension, pretransplantation uric acid, pre-and posttransplantation blood creatinine and creatinine clearance, and the use of cyclosporine, diuretics, steroids and aspirin.
Using a multivariate analysis model, the only significant risk factor found to be independently correlated to the development of gout was the type of transplantation (PϽ0.009). DISCUSSION We compared the prevalence of clinical gout and hyperuricemia in two groups of solid organ recipients (heart and liver). Studies have shown that gout and hyperuricemia usually develop within 2.5 years after solid organ transplantation. Therefore, only patients who were followed for at least 3 years were included in the study.
The results show that gout and hyperuricemia were significantly more prevalent in heart recipients than in liver recipients. Only 2 cases of gout were found among 75 liver recipients, as compared with 12 cases of gout among 47 heart recipients. Hyperuricemia occurred in 100% of heart recipients as compared with 85.7% in liver recipients; both of these results were statistically significant.
Only two studies assessing the occurrence of gout and hyperuricemia in liver recipients have been previously published, neither of which was comparative and controlled. The study by Neal et al.(5) measured the two highest uric acid levels following transplantation, thereby tilting results towards hyperuricemia; the study by Bismuth et al. (6) included uric acid levels collected on arbitrary dates and was therefore also subject to bias. Although the two studies varied in their assessment of the prevalence of hyperuricemia, their reported prevalence of clinical gout was similarly low.
In the present study, we included the average uric acid and creatinine levels as calculated from all blood tests drawn since the time the patient presented to our center, which resulted in a large number of results collected per patient TRANSPLANTATION during the 9 years of follow-up. This made any transient changes in uric acid and creatinine levels negligible. We calculated the creatinine clearance using the Cockroft-Gault formula, which was previously shown to correlate well with creatinine clearance assessed in more elaborate methods.
The two groups markedly differed in their baseline characteristics. Heart recipients were older than the liver recipients and were predominantly male, reflecting the general ischemic heart disease (IHD) population. Both male gender and age are known risk factors for development of gout and hyperuricemia. Heart recipients had a higher level of pretransplantation uric acid levels, suggesting that these patients may have a higher pretransplantation uric acid load. The change in uric acid levels before and after transplantation were insignificant in the heart and liver recipients (data not shown), suggesting that the act of transplantation itself had no effect on the patients' uric acid levels.
Average posttransplantation creatinine levels were higher, and calculated creatinine clearance reduced in the heart recipient population as compared to liver transplant recipients. Renal excretion is the main route of uric acid clearance, and reduced renal function might contribute to the higher occurrence of gout and hyperuricemia in this patient group. In addition, heart recipients suffered more from hypertension and diabetes mellitus than liver recipients, a feature that may also have contributed to the higher levels of hyperuricemia, either directly or via their effect on renal function.
There was a major difference in the medication profile between the two groups, with heart transplant recipients using significantly more diuretics and cyclosporine. Suggested mechanisms for cyclosporin-induced hyperuricemia include a decrease in glomerular filtration rate (GFR) or increased proximal tubular reabsorption of uric acid (13) In contrast, liver recipients used more tacrolimus, which is reported to resolve clinical gout when substituted for cyclosporine in renal transplant recipients (14, 15) . The effect of both calcineurin inhibitors on renal function is reported to be similar. All of the heart recipients were treated with steroids and most were treated with aspirin; the former is known to prevent gout, while the latter (especially in low doses) is known to exacerbate it.
These marked differences in medication regimens reflect the patients' underlying illnesses, different spectrums of posttransplant complications and physician preferences, and may have a substantial cumulative impact on the uric acid levels in both patient groups.
Another difference between the groups was the higher incidence of rejection episodes among the heart recipients. The treatment of acute rejection with high dose corticosteroids can ameliorate gout. Therefore, the incidence of gout in the heart recipients might have been underestimated.
Several other factors known to be associated with a higher incidence of gout and hyperuricemia, such as obesity and alcohol consumption, were not different among the groups.
Our study has several limitations. It is retrospective and as such may be subject to confounders, although we attempted to assess all possible causes affecting hyperuricemia. Also, the two groups markedly differ in age, gender, background illnesses, and medication profiles. This limits the validity of the multivariate analysis, because the two groups may not be comparable. However, both groups share many similarities including vigorous pre-and posttransplantation evaluation and follow-up, immunosuppressive treatment, and a variety of posttransplantation complications. Another limitation is the lack of information concerning the dietary habits of our patients, regarding the consumption of food containing high levels of uric acid or purines. However, it is unlikely that the patients markedly differed in their diet, since to the best of our knowledge none of our patients were instructed to avoid such foods, and no such recommendation can be found in the transplantation literature. In addition, our results are based on the practice of transplantation teams in a single transplantation center and as such may not be applicable to different centers where drug regimens may be different.
In view of the fact that hyperuricemia was not associated with clinical disease in liver recipients, we deem that no specific treatment or dietary recommendations to control uric acid levels are needed in this group. In contrast, in view of the high incidence of hyperuricemia and gout in heart recipients, we suggest that a diet low in uric acid and purines, or even pharmacological hypouricemic therapy, should be considered, commencing at the time of enrollment for transplantation. Our results conclude that the incidence of gout and hyperuricemia is significantly lower in liver recipients than in heart recipients. This may result from liver recipients' younger age, higher prevalence of female gender, and relative infrequency of diabetes, hypertension and renal failure. Medication regimens such as infrequent use of diuretics, cyclosporine and aspirin, and increased use of tacrolimus may also play a part in this phenomenon. The type of transplantation was the only variable independently associated with the risk of developing hyperuricemia and gout following solid organ transplantation.
